###### Strengths and limitations of this study

-   This is the first study to investigate the association between low-grade inflammation and self-rated health in a large sample of late adolescent men.

-   Using data (n=43 110) from the national military conscription register, encompassing nearly all the Swedish men born in 1949--1951, eliminates selection bias.

-   Adjustments were made for lifestyle patterns, demographic factors and psychological disposition.

-   The cross-sectional design precludes conclusions about causality.

Introduction {#s1}
============

Self-rated health is a single-item measure of how an individual subjectively perceives his or her health status. A number of studies show that poor self-rated health predicts future adverse health outcomes, such as cardiovascular events[@R1] and availing healthcare,[@R2] and is coupled with an almost twofold risk of premature mortality.[@R3] The predictive qualities of self-rated health remain after controlling for objective health, social and demographic risk factors.[@R4]

Although the mechanisms that link self-rated health to future objectively verified ill health are largely unknown, recent studies point at inflammation as an important determinant of subjective health perception.[@R6] As part of the inflammatory response to acute infection or injury, proinflammatory cytokines such as interleukin (IL)-1β, IL-6 and tumour necrosis factor (TNF)-α drive the acute phase response by increasing levels of acute-phase proteins.[@R9] One of these proteins, fibrinogen, is a coagulation factor, and is reflected by the erythrocyte sedimentation rate (ESR). When inflammation is present, the fibrinogen causes erythrocytes to clot in rolls, thus sinking faster through a test tube, resulting in an increased ESR.[@R10] [@R11] Compared to other tests of inflammation, ESR is a simple and cost-efficient way of establishing the presence of the acute phase reactants and, indirectly, the activity of proinflammatory cytokines,[@R9] making it a suitable marker of inflammation when collecting large amounts of data.

One hypothesis to explain the observed association between low-grade inflammation and poor self-rated health is that inflammation-related signals reach areas in the brain, including the insular cortex and the anterior cingulate cortex,[@R12] [@R13] that is, areas that are important in interpretation of bodily state and homeostatic changes.[@R14] As part of the coordination of a sickness response, shifts in motivation and alterations of behaviours that promote healing and recovery are thereby induced.[@R15] Symptoms of such inflammation-induced sickness behaviours include anhedonia, fatigue and increased sensitivity to pain, which are also determinants of subjective health perception.[@R16] Since low-grade inflammation is part of the pathology in major causes of premature mortality, such as cardiovascular disease,[@R17] [@R18] type-2 diabetes,[@R19] obesity[@R20] and certain types of cancer,[@R21] [@R22] low-grade inflammation could be one factor linking poor self-rated health with future adverse health outcomes.

In order to investigate whether low-grade inflammation may be implicated in subjective health perception, a row of recent studies has examined the link between increased levels of proinflammatory cytokines and poor self-rated health.[@R6] [@R16] [@R23] [@R24] Other studies have examined the association between self-rated health and fibrinogen,[@R25] ESR[@R26] and of another acute phase reactant, C reactive protein (CRP).[@R7] [@R23] [@R27] [@R28] So far, the evidence of a link between low-grade inflammation and self-rated health is more robust for women compared to men,[@R6] [@R16] [@R27] and the strength of the association has been indicated to increase with age.[@R6] [@R16] For instance, among 347 women 45--90 years old of the general population, there was a significant association between IL-6 and poor self-rated health, particularly among those aged 65 years and above.[@R6] In another study, in 174 female primary healthcare patients of 18 years and older who were divided into three age groups, higher TNF-α was significantly associated with poor self-rated health in all three age groups, whereas, higher levels of IL-1β and IL-1 receptor antagonist were associated with poor self-rated health in those aged over 65 years.[@R16] Moreover, in 235 middle-aged and elderly women with coronary heart disease, high levels of CRP and IL-6 were associated with poor self-rated health.[@R7]

Among the studies including men and women, only two have performed sex-based stratified analyses,[@R8] [@R27] and one study examined the interaction effect of sex and inflammation on self-rated health.[@R28] A study of 170 female and 89 male primary healthcare patients showed a significant independent association between higher IL-1β and TNF-α, and poor self-rated health only in women,[@R8] but the lack of association in men could be due to small sample size and low statistical power. Among 11 000 women and 5000 men, a significant association between CRP and self-rated health remained only in women after adjustment for control factors.[@R27] However, in a population of 13 236 young adults aged 24--34 years, high-sensitivity CRP above 3 mg/L was significantly associated with lower ratings of self-rated health after adjustment for health behaviours, self-reported illness and medication in men and women. Inclusion of body mass index (BMI) fully attenuated the association between CRP and self-rated health in women, whereas a small but significant association remained in men.[@R28]

The remaining studies encompassing men and women reported significant associations between IL-6 and self-rated health,[@R23] [@R24] and between fibrinogen and self-rated health.[@R25] As these studies were only adjusted for sex it is not clear if this association would be found in the male or female strata only.

The present study aims to investigate low-grade inflammation and subjective health perception in a very large, young and healthy population, mainly free from medical conditions. The hypothesis was that conscripts with elevated ESR levels had poorer self-rated health. This population of late adolescent men is a group that has not yet been investigated in this context.

Methods {#s2}
=======

Study design {#s2a}
------------

This cross-sectional study was based on data collected in 1969--1970, when 49 321 Swedish men born between 1949 and 1951 (aged 18--21 years) underwent a compulsory 2-day screening procedure prior to military service. During this time period, only 2--3% of men eligible for military services were exempted from conscription, mainly due to severe disabilities or severe congenital disorders. All conscripts had answered questionnaires about social background, habits, psychological factors, social adjustment and health status, and had been structured-interviewed by a psychologist. Finally, a physician examined all conscripts, and any somatic or psychiatric disorders were diagnosed according to the Swedish version of the International Classification of Disorders, V.8 (ICD-8). The present study was approved by the regional ethics board.

Measures {#s2b}
--------

### Self-rated health {#s2b1}

The conscripts had been asked to assess their health, answering the question: 'In general, would you say your health right now is: Very good, Good, Fair, Poor or Very poor'? The answers had been rated on a five-point scale where 1='Very good', 2='Good', 3='Fair', 4='Poor' and 5='Very poor', and were dichotomised into Good (1--3) and Poor (4 and 5) self-rated health.

### Erythrocyte sedimentation rate {#s2b2}

At physical examination, blood samples had been taken and ESR had been measured according to standard laboratory procedures (Westergren method).[@R9] ESR is affected by the haematocrit (Htc, ie, the proportion of whole blood made up by erythrocytes), we therefore corrected the ESR values for the haematocrit according to the formula ESR×Htc/45.[@R29] Htc-corrected ESR values are used in all analyses and presentations of ESR values. Despite plausible interindividual genetic variations,[@R30] the upper limit of the normal range of ESR has, on group level, been found to correspond with the age in years divided by two.[@R31] The age span of the men included in this study ranged from 18 to 21 years. On the basis of the highest age included, the normal range was rounded off to \<11 mm/h. Thus, participants with ESR ≥11 mm/h (n=3937) were excluded from the analyses, out of whom 168 had rated their self-rated health as poor, 3655 had rated their self-rated health as good and 114 had missing self-rated health values. In order to reduce misclassifications errors, those with ESR \<1 mm/h (n=1903) were also excluded,[@R32] out of whom 148 had rated their self-rated health as poor, 1739 as good and 16 had missing values. A total of 43 110 out of the remaining 43 481 conscripts with ESR levels ≥1 and \<11 mm/h had data on self-rated health and were included in the analyses."

### Body mass index {#s2b3}

The conscripts\' height and weight had been measured at the physical examination. BMI is determined by calculating the ratio of weight to height squared (kg/m^2^). Obesity and underweight, as measured by very high or very low BMI, have independently been associated with poor self-rated health,[@R33] and obesity has been associated with inflammation.[@R34] BMI was categorised into four groups: underweight (BMI \<18.5), normal weight (BMI: 18.5--25), overweight (BMI: 25--30) and obesity (BMI \>30). Normal weight was used as reference in the logistic regression analyses.

### Socioeconomic position {#s2b4}

Parental socioeconomic position (SEP) was used as an indicator of childhood socioeconomic circumstances. Information about socioeconomic circumstances of the conscripts at 9--11 years of age was obtained from the National Population and Housing Census of 1960. A conscript and the head of the household, usually the conscript\'s father, were linked through their personal identification number by Statistics Sweden. On the basis of the occupation of the head of the household, seven socioeconomic groups were identified: (1) unskilled workers, (2) skilled workers, (3) assistant non-manual employees, (4) non-manual employees at intermediate level, (5) non-manual employees at higher level, (6) farmers and (7) those not classified into a socioeconomic group. Self-employed persons could not be identified in the census from 1960 when such persons were classified as employed according to occupation. Previous research has shown that childhood SEP is associated with markers of inflammation in adults,[@R35] [@R36] and a previous study from this sample found a significant association between ESR and SEP,[@R37] why SEP is included in the analyses.

### Inflammatory disease {#s2b5}

Presence of one or more of the following medical conditions as registered for each conscript by a physician according to ICD-8 was adjusted for in the analyses: infectious disease, malignancies, lymphatic and haematopoietic tumours, diabetes mellitus, asthma, gastrointestinal inflammation, hay fever, infection and inflammation in skin, arthritis and rheumatoid arthritis.

### Emotion regulation {#s2b6}

The combined questionnaire and interview data had been used by a psychologist to rate emotion regulation (then termed 'emotional control') on a five-point scale, based on self-reported anxiety, stress-tolerance, nervous problems, capacity for emotional commitment and control over aggression (a score of 1--2 represents low emotion regulation). In a previous study, based on data from the same population, low emotion regulation was a confounding factor in the association between poor self-rated health and mortality,[@R5] and it was also the covariate with the most prominent difference between conscripts with poor self-rated health and conscripts with good self-rated health. Persistent negative affect, such as anger, anxiety or depression, has been associated with inflammation and disease,[@R38] hence the inclusion of emotion regulation in the analyses.

### Smoking {#s2b7}

Tobacco smoking has been associated with increased systemic inflammation in men.[@R41] [@R42] Smoking has also been associated with poor self-rated health,[@R6] [@R43] [@R44] and was therefore included in the analyses. The self-reported number of cigarettes smoked per day had been rated on a four-point scale where 1≥20, 2=11--20, 3=1--10 cigarettes per day and 4=non-smoker.

### Risky use of alcohol {#s2b8}

Risky use of alcohol has been associated with elevated markers of inflammation.[@R45] Self-reported use of alcohol was categorised as risky when consumption exceeded 250 g 100% alcohol per week; alcohol was used to alleviate a hangover; having been apprehended for drunkenness; or being drunk often.

### Physical activity {#s2b9}

We used active membership in sport clubs as a proxy for physical activity. Exercise has been shown to have anti-inflammatory effects,[@R46] and low physical activity has been associated with worse self-rated health.[@R47]

Statistics {#s2b10}
==========

To calculate the association between ESR and self-rated health, logistic regression analysis was used with ESR as the independent variable, and self-rated health as the outcome variable. As a second step, the association between ESR and self-rated health was adjusted separately for background variables, like BMI, SEP, presence of inflammatory disease, emotion regulation, smoking, risky use of alcohol and physical activity. Third, in the full model, the association between ESR levels and self-rated health was adjusted for all background variables together. The background variables were treated as categorical variables in the analyses. Data from 43 110 conscripts with self-rated health data and normal levels of ESR were included in the analyses. Missing values for background variables were excluded listwise.

An α-value of 0.05 was used to test for statistical significance. All analyses were performed using SPSS statistics software V.21.

Results {#s3}
=======

Participant characteristics for conscripts with poor self-rated health, and conscripts with good self-rated health, are presented in [table 1](#BMJOPEN2015009440TB1){ref-type="table"}. The majority of the conscripts reported their self-rated health as good (96.2%). Overall, conscripts with poor self-rated health were more likely to report poor health behaviours such as smoking and risky use of alcohol, and had a higher frequency of low emotion regulation than conscripts with good self-rated health.

###### 

Participant characteristics separated for men with poor self-rated health and men with good self-rated health

                               Self-rated health                  
  ---------------------------- ------------------- -------------- -----------
                                                                  **χ^2^**
  BMI                                                             
   \<18.5                      18.2                13.4           31.01\*
   18.5--25.0                  74.4                80.0           29.32\*
   25.0--30.0                  6.5                 5.8            1.32
   \>30.0                      0.8                 0.8            0.00
  Socioeconomic position (%)                                      
   Worker, unskilled           32.6                33.5           0.61
   Worker, skilled             21.9                21.5           0.21
   Non-manual, assistant       10.0                10.1           0.03
   Non-manual, intermediate    18.5                16.7           3.80
   Non-manual, higher          5.7                 5.1            1.26
   Farmer                      8.3                 10.9           10.48\*
   Non-classified              2.9                 2.2            3.04
  Inflammatory disease (%)     22.6                8.5            377.98\*
  Low emotion regulation (%)   71.2                28.6           1313.11\*
  Smoking (%)                                                     
   \>20 cigarettes/day         14.5                3.2            555.13\*
   11--20 cigarettes/day       31.7                23.0           64.63\*
   1--10 cigarettes/day        25.1                32.2           35.34\*
   Non-smoker                  28.7                41.6           104.82\*
  Risky use of alcohol (%)     29.3                15.2           191.76\*
  Physical activity (%)        24.7                37.0           102.49\*
                                                                  ***t***
  ESR, M (SD)                  2.98 (2.19)         2.70 (1.98)    5.58\*
  BMI, M (SD)                  20.79 (2.73)        21.00 (2.57)   −3.26\*

Group differences in frequencies have been tested with χ^2^ test, and differences in means with t tests.

\*p \<0.001.

BMI, body mass index; ESR, erythrocyte sedimentation rate; M, mean.

Elevated levels of ESR were associated with higher odds for poor self-rated health (OR=1.066 for each unit mm/h increase in ESR, [table 2](#BMJOPEN2015009440TB2){ref-type="table"}). The size of the association and the level of significance were largely unaffected by adjustments for BMI, SEP, inflammatory diseases, emotion regulation, smoking, risky use of alcohol and physical activity (OR=1.077).

###### 

Crude and adjusted effects of ESR on the odds to have very poor/poor rather than fair/good/very good self-rated health

                                                 OR (95% CI)\*            N
  ---------------------------------------------- ------------------------ --------
  Crude                                          1.066 (1.043 to 1.091)   43 110
  Adjusted for individual background variables                            
   BMI                                           1.064 (1.040 to 1.088)   43 067
   Socioeconomic position                        1.069 (1.045 to 1.093)   43 110
   Inflammatory disease                          1.066 (1.042 to 1.091)   43 110
   Emotion regulation                            1.070 (1.046 to 1.096)   42 930
   Smoking                                       1.071 (1.047 to 1.096)   42 555
   Risky use of alcohol                          1.066 (1.039 to 1.093)   35 801
   Physical activity                             1.067 (1.043 to 1.091)   43 110
  Adjusted for all background variables          1.077 (1.049 to 1.105)   35 553

\*OR for each unit mm/h increase in ESR. BMI, body mass index; ESR, erythrocyte sedimentation rate.

Discussion {#s4}
==========

The aim of this study was to investigate if there is an association between higher level of the inflammatory marker, ESR, and poor self-rated health in late adolescent men. The results of this study show that the odds of having poor rather than good self-rated health were elevated by approximately 7% for each unit mm/h increase in ESR.

This pattern was stable when relevant confounders (BMI, SEP, presence of inflammatory disease, emotion regulation, smoking, risky use of alcohol and physical activity) were controlled for. Hence, the present result is consistent with the hypothesis that inflammation is part of a general factor in the psychobiological processes that underpin subjective health perception also in late adolescent men, although the cross-sectional design of the present study precludes conclusions about causality.

The results of the present study are in contrast with the lack of association between inflammatory markers and self-rated health in men in the studies by Lekander and coworkers,[@R8] and Tanno and coworkers.[@R27] By comparison with the present study, those studies are based on dissimilar methods and populations, with older participants (mean age 59 and 58 years, respectively, compared to 18--21 years in the present study). The study by Lekander and coworkers had a considerably smaller sample size, and Tanno and coworkers[@R27] had an Asian population. However, the present results are in concordance with a previous study that demonstrated a small but significant association between CRP and self-rated health in young adult men aged 24--34 years.[@R28]

Demographic factors and lifestyle patterns have been associated with low-grade inflammation and with poor self-rated health; factors that may constitute possible confounders in the association between ESR and self-rated health, such as ageing,[@R48] obesity,[@R49] low SEP[@R37] and smoking.[@R6] [@R42] Adjustments for BMI, SEP, inflammatory disease, emotion regulation, smoking, risky alcohol use and physical activity did not, however, change the association between ESR and self-rated health in the present study, suggesting that the association is not dependent on any of the confounding variables. Also, individuals with a higher degree of inflammation did not introduce bias, as all conscripts with an ESR equal to or above 11 mm/h had been excluded. No assessments of sickness behaviour were available in the present study, and further studies are needed to investigate sickness behaviour as a mediating factor linking inflammatory factors and poor self-rated health. Unfortunately, data on diet was not available in the present study, which is a factor to take into account in future studies.

Our study sample consisted of 43 110 conscripts encompassing the majority of all Swedish men born in 1949--1951. The large sample size allows for a more accurate estimate of the association between high levels of ESR and poor self-rated health. Having a study sample that represents such a large percentage of the population also eliminates the risk for selection bias. In the present material of late adolescent men, the majority of participants were, as expected, healthy; altogether 82.6% rated their health as 'Good' or 'Very good'. It cannot be excluded that in a current day sample of young men, the included factors would be differently distributed, and that, for example, low-grade inflammation would be more prevalent since obesity which has been linked with low-grade inflammation,[@R50] [@R51] almost doubled in prevalence between 1971 and 1993 among Swedish military conscripts.[@R52] However, the association between ESR and self-rated health in the present study was independent of background factors, such as BMI, and there is little reason to expect that the putative underlying biological mechanism by which inflammation is associated with subjective health perception would have changed.

Concerning validity, there is some discordance between ESR and other inflammatory markers. For instance, ESR has been shown to rise and decrease slower than CRP.[@R53] However, the relation between ESR and self-rated health is stable after adjustment for confunders and exclusion of participants with elevated ESR in the present study, suggesting that the association between ESR and self-rated health is not merely a reflection of manifest disease or chronic conditions.

In conclusion, the present study shows for the first time a significant association between elevated levels of ESR and poor self-rated health in late adolescent men, providing evidence of an association between low-grade inflammation and subjective health perception also in men, as previously demonstrated in women. Data are here provided to further support inflammation as a general factor in the psychobiological processes that underpin subjective health perception across the adult life span.
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